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MATERIALS AND METHODS
Samples of vernix caseosa, collected immediately
after birth, were dissolved in chloroform-methanol
2:1 (v:v). The lipids were purified according to
Folch et al. (6), and stored at 4° under nitrogen
atmophere as 1% solution in hexane.
Free fatty acids were extracted with 0.05%
aqueous potassium hydroxide in conventional man-
ner.
Alkaline hydrolyses were carried out with 10%
potassium hydroxide in methanol-toluene-water
9: 1:1 (v : v: v). Screw-cap (teflon-lined) test tubes
were sealed under nitrogen atmosphere and left at
60° over night. The saponifiable and nonsaponifi-
able portions were extracted with ethyl ether-pe-
troleum ether 1:4 (v:v).
Free and liberated fatty acids were methylated
with diazomethane prepared from "Diazald" (Al-
drich Chemical Co.).
Mono- and dihydric alcohols and hydroxy acids
were acetylated with acetic anhydride according
to Link et al. (7).
List of Solvents
Benzene cryst. (G. R., Merck).
Chloroform (PhF VII 930/62), treated with cal-
cium chloride, redistilled, and mixed with 1% of
methanol.
Ethyl ether (G. R., Merck).
This work was supported by the PHS Research
grant HE-06818 from the National Heart Insitue,
Bethesda, Md., U.S.A.
Received for publication June 24, 1964.
* From the Department of Medical Chemistry,
University of Turku, Finland.
f Established Investigator of the Finnish Medi-
cal Research Council.
Hexane (pure, Merck).
Methanol purum, redistilled after treatment with
magnesium turnings and iodine.
Petroleum spirit (60—80°, Analar).
Toluene (G. R., Merck).
List of Reference Compounds
Fatty acid methyl ester quantitative mixture (H-
104, Applied Science Laboratories, lot No. 458-
43).
Methyl esters obtained from commercial corn oil.
Myristyl, cetyl, and stearyl alcohols (Applied
Science Laboratories, lots Nos. 76-22, 230-70,
and 230-72, respectively).
c-hydroxy myristyl alcohol was derived from -
hydroxy myristic acid using the method de-
scribed by Link e al. (8).
Squalene (C grade, Calbiochem)
Sterols (cholesterol and lathosterol) were ob-
tained as a gift from Dr. E. C. Horning, Baylor
University College of Medicine, Houston, Texas.
Column chromatography. Silicic acid (Mallinc-
krodt, 100 mesh) was sieved to yield 80—100 mesh
material, washed with 3N hydrochloric acid and
water, and dried at 150° C. in vacuum for 24 hrs.
Water was added to give 10% moisture of the
support. The amount of silicic acid was chosen to
be approximately 30 times the weight of the
sample. Rising concentrations of benzene or ethyl
ether in hexane as well as chloroform and methanol
were used for elution. The fractions were collected
in 10 ml portions. For continuous monitoring of
effluents of silicic acid chromatography, an appa-
tus devised by Haahti e al. (9, 10) was used.
Tubes containing the same fraction were combined,
the solvents evaporated, and the residue weighed.
Before further analysis the homogeneity of the
fractions was controlled with TLC.
Thin-layer chromatography (TLC). An equip-
ment manufactured by Desaga (Heidelberg) was
used. The plates were coated with a 0.25 mm layer
of Kieselgel G (Merck) or of Aluminum Oxide
G (Merck) and dried at 120° for 2 hrs. Sulfuric
acid (30%) was mostly used to spray the plates
for documentation. For preparative purposes the
TLC fractions were made visible with Rhodamine
6G (BDH) in ethanol. The areas of the support
containing the fractions were scraped off the
plates into centrifuge tubes and extracted three
times with chloroform. The extracts were com-
bined, the solvent evaporated and the amount of
recovered material was estimated gravimetrically.
Waxes and sterol esters were separated prepara-
tively on aluminum oxide with 5% benzene in pe-
troleum ether as the mobile phase. Fractionation of
fatty acids and waxes on unsaturation basis was
carried out on thin layer plates of silver nitrate im—
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Lipids of vernix caseosa of the human fetus
were quantitatively analyzed first by Schmid
(1). Several authors (2, 3, 4) have later pub-
lished more specific data about the general lipid
pattern and the fatty acids of the vernix. Our
earlier investigations (5) showed a similarity be-.
tween the fatty acids of vernix caseosa and those
of seburn and other epidermal lipids, support-
ing the hypothesis of the vernix being a product
of epidermal secretion. To clarify the question
further we analyzed in tins investigation the
lipid composition of normal vernix caseosa using
column chromatography, thin-layer chromatog-
raphy (TLC), and gas-liquid chromatography
(GLC) as principal methods.
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pregnated silica gel (11). The plates were dried in
darkness first 10 mm. at room temperature and
then 30 mm. at 100°. The identification of frac-
tions on thin layer chromatography plates was
based on simultaneous separations of known refer-
ence compounds. In unclear cases (e.g. diol esters)
the unknown fraction was isolated and identified
on the basis of chemical and chromatographic
methods. These include transesterification followed
by TLC analysis of the product (e.g. diols and
methyl esters), TLC and GLC of the plain and
acetylated nonsaponifiables (e.g. diols) giving evi-
dence on the number of hydroxy groups. The
identity was finally confirmed by the synthesis of
corresponding compounds from pure reference ma-
terial as described in detail by Nikkari (12).
Gas-liquid chromatography (GLC). Gas chro-
matographic analyses were carried out with a
Barber-Colman M-10 chromatograph with a hy-
drogen flame ionization detector. Nitrogen was
used as the carrier gas, the columns and conditions
being the following:
A 12 ft column of 3% EGSS-X polyester (a
methyl silicone ethylene glycol succinate co-poly-
mer, Applied Science Laboratories, State College,
Pa.) on 100—140 mesh siliconized Gas-Chrom P.
Nitrogen pressure was 20 psi at column inlet;
carrier gas flow was 25—35 ml/min. Column tem-
peratures were 187° and 153° for fatty acid methyl
esters and 187° for acetylated mono- and dihydric
alcohols and acetylated hydroxy acid methyl esters.
A 6 ft column of 1% silicone gum SE-30 on 100-
140 mesh siliconized Gas-Chrom P. Nitrogen
pressure was 16 psi; carrier gas flow rate was 40—
50 ml/min. Column temperature was 211° for
squalene, sterols, dihydric alcohols, hydroxy acid
methyl esters, and the total nonsaponifiable mat-
ter.
All samples were purified with TLC before gas
chromatographic analysis.
Catalytic hydrogenation of esters was carried
out as follows: The sample was dissolved in about
2 ml methanol in a conical centrifuge tube. About
1 mg of platinum oxide catalyst (Matheson Cole-
man & Bell), previously washed with methanol,
was added as a methanolic suspension with a
pasteur pipette. Hydrogen was then allowed to
bubble through the solution by means of a very
narrow glass capillary. The hydrogen flow (about
2—S ml/min) and the position of the capillary tip
were adjusted so that a continuous mixing of the
catalyst was obtained. The procedure was carried
out in a ventilated hood at room temperature.
The hydrogenation was allowed to go on for not
less than 30 minutes, whereafter the tube was
centrifuged at 2000 rpm, the supernatant recovered,
evaporated under a stream of nitrogen and dis-
solved in hexane. Hydrogenation of known un-
saturated fatty acid methyl esters followed by
gas chromatographic analysis showed that the
hydrogenation was complete in 15—20 minutes (12).
The method seems particularly useful for micro-
analytical work with GLC, where the use of regu-
lar microhydrogenation apparatus usually causes
a source of contamination and loss of sample.
Qualitative identification of fatty acids and al-
cohols was based on relative carbon numbers calcu-
lated in the conventional manner from a loga-
rithmic plot of retention times of the correspond-
ing reference compounds against the number of
their carbon atoms. The principal scheme for
qualitative identification or characterization of
recorded esters was as follows:
a. The total GLC analysis of the given ester
fraction.
b. GLC analysis of a hydrogenated sample of
the esters.
c. GLC analysis of isolated (AgNO3-TLC) satu-
rated esters.
d—f. GLC of isolated mono-, di- and tri-unsatu-
rated esters respectively.
g. GLO of hydrogenated samples described in
4—7.
Record (a) is used for a general view of the
total sample, and as a reference for the following
records (b—g). Records (c—f) give the fractions of
different unsaturation classes (from zero to three
double bonds), and the chain length and branch-
ing of these are confirmed by conversion to the
corresponding saturated compounds by means of
hydrogenation (8).
For quantitative analysis the peaks of the gas
chromatographic records were triangulated, and
the percentages were calculated on the basis of the
surface areas of the triangles.
RESULTS
Fig. 1 shows the main lipid fractions of
vernix caseosa of six subjects as analyzed with
TLC.
Gas chromatography of the saponifiable and
nonsaponifiable portions of unfractionated vernix
caseosa lipids as analyzed on EGSS-X at 153°
and SE-30 at 211° respectively is presented in
Fig. 2.
Three lipid samples were subjected to silicic
acid column chromatography (Table I); a
typical elution pattern is seen in Fig. 3. The
percentages of waxes and sterol esters were
determined by weighing after their separation
on aluminum oxide thin-layer plates as described
above.
The column chromatographic fractions of one
sample (denoted by A in Table I) were analyzed
in detail with GLC. If not further specified the
results later in this paper refer to this sample.
Part of the total saponifiable matter was ana-
lyzed as described above, on unsaturation basis
using thin-layer plates of silica gel impregnated
with silver nitrate. Saturated and monoenoic
acids could be recovered. Di- and polyunsatu-
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FIG. 1. Thin layer chromatography of vernix easeosa lipids of six subjects. Adsorbent: Silica Gel
G (Merck).
rated fatty acids were present only in negligible
amounts. In the monoenoic subfractiun the chro-
matugrams revealed a series uf branched chain
fatty acids ranging frum C12 tu C15 and making
12% uf the munuenuic fractiun. The chief compo-
nent of these acids was methylpentadecenoic acid,
the other unsaturated branched chain acids being
present only as trace fractiuns uf total acids
(Table II).
Hydrocarbons. Only traces uf uther hydrucar-
buns besides squalene were present.
Aliphatic waxes. The composition of the
fatty acids and aliphatic alcohols of the
hydrolyzed wax fraction is shown in Tables II
and III respectively. When subjected to thin
layer chromatographic analysis with silica gel
impregnated with silver nitrate the waxes were
separated in three fractions: saturated, mono-
enoic, and dienoic waxes. The yield of these sub-
fractions when isolated from TLC plates were
57%, 35%, and 8% respectively. The subfrac-
tions were hydrolyzed and analyzed with GLC.
Due to the low content of unsaturated alcohols
in vernix caseosa, esters of monoenoic fatty
acids with saturated alcohols formed more than
95% of the monounsaturated wax fraction. The
diunsaturated waxes consisted mainly of the
esters of monoenoic acids with monoenoic
alcohols.
Free and esterified sterols. The nonsaponifi-
able portion of the sterol ester fraction as well
as the free sterol fraction were resolved in two
components when analyzed with GLC on SE-30.
The largest peak with an Rf value identical with
cholesterol accounted for 76% and the smaller
Minutes 2p 40
FIG. 2. Gas chromatography of the saponifiable
and nonsaponifiable portions of vernix caseosa
lipids on EGSS-X at 153° and SE-30 at 211° re-
spectively. Conditions for GLC: see text. (1) Alco-
hols. (2) Squalene. (3) Cholesterol. (4) Lathos-
terol.
component with an R value identical with
lathosterol for 24% of the sterols.
The fatty acids esterified with the sterols
differed greatly in the three vernix samples from
the fatty acids of any other fraction by having
longer chain length and being more branched.
This fact can be seen in Table II. Because all
materials were purified with TLC prior to
GLC analysis the differences could not be due
to contamination of e.g. alcohols.
Diol esters. Fatty acid composition of the
saponifiable
— e — a SQUALENE
• a a • WAXES, STEROL ESTERSS — S DIOL ESTERS
II * • TRIGLYCERIDESS S S S FREE STEROLS
— — t START, POLAR LIPIDS
336 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
TABLE II
Fatty acids of vernix caseosa
Identification
Relative Composition (%)
fraction eluted immediately after waxes and
sterol esters in silicic acid chromatography is re-
corded in Table II. The nonsaponifiable portion
behaved identically with reference 1, 2-diols when
analyzed on thin layer before and after acetyla-
tion. Also gas chromatographic analyses using two
stationary phases (EGSS-X and SE-30) sug-
gested the presence of aliphatic dihydric alcohols
with a maximum at C22 . On this basis the compo- 12:0
sition of the nonsaponifiable portion was calcu- 13:0 iso
lated (Table III). 13.0 anteiso
Minute amounts of hydroxy acids as well LS 14:0 iso
aliphatic monohydric alcohols could be detected 14:0
in this fraction. When analyzed with GLC the 14:1
15:0 iso
15:0 anteiso
15:0
15:1
16:0 iso
3 4 16:1 iso
16:0
16:1
17:0 iso
17:0 anteiso
17:0
17:1
18:Oiso
18:0 anteiso
18:0
18:1
18:2
18:3
19:0
0 20 40 50 80 mm. 20:Oiso
20:0 anteiso
20:0
20:1
21:0 iso
21:0 anteiso
21:0
21:1
22:0 iso
22:0 anteiso
_____________________ ________________________
22:0
22:1
_______ _______ _______
23:0 iso
23:0 anteiso
24:0 iso
24:0 anteiso
24:0
24:1
25:0 anteiso
25:0
26:0 iso
Fia. 3. Elution pattern of vernix caseosa lipids.
(1) Squalene. (2) Waxes, sterol esters, and diol es-
ters. (3) Triglycerides. (4) Free sterols. Column:
2 x 150 mm silicic acid 100—200 mesh. Elution of
fractions: 0—5 mm hexane; 5—25 mm 1%; 25—55
mm 4%; and 55 mm 30% ethyl ether in hexane
respectively.
TABLE I
Main lipid fractions of vernix caseosa
waxes
0.5
0.7
0.2
0.3
4.2
3.6
5.8
1.4
7.9
2.1
4.0
6.0
4.8
6.8
26.6
4.6
4.3
2.1
0.3
0.3
1.3
12.1
0.3
Sterol
Esters
0.2
0.1
2.5
1.9
2.9
1.2
5.0
0.8
1.4
5.1
1.0
4.0
8.1
0.1
2.9
0.7
0.9
1.8
0.3
1.1
9.1
3.0
0.1
0.1
7.0
0.5
0.5
1.7
0.5
4.5
0.3
0.3
6.6
0.6
0.7
2.1
0.8
3.5
5.3
0.9
2.9
2.8
0.4
3.6
Diol
Esters
0.1
0.1
0.6
6.1
4.6
0.1
1.0
6.9
1.6
0.4
7.4
1.0
23.1
9.0
2.4
0.4
0.3
1.0
0.1
2.4
9.3
0.9
0.2
1.8
0.3
0.2
1.8
0.6
1.0
2.1
1.3
1.0
Triglyc-
erides
0.8
0.5
0.5
0.5
3.8
9.1
2.0
0.4
3.7
8.7
0.8
2.1
0.2
24.7
12.8
2.4
0.6
1.6
2.2
2.2
9.5
0.3
0.3
0.3
0.3
0.3
0.1
1.3
0.4
1.3
1.0
2.0
2.4
Name of Fraction
Relative Composition (%)
Sample A Sample B Sample C
squalene
aliphatic waxes
sterol esters
diol esters
triglycerides
free sterols
other lipids
10
11
30
9
27
8
5
8
12
34
5
32
5
4
9
12
35
8
18
14
4
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hydroxy acids were found to have a distribution
pattern similar to that of the diols. The aliphatic
alcohols were similar to those of the aliphatic
waxes.
Evidently the fraction in question consists
mainly of esters of an alkane diol with two
normal fatty acids together with a small amount
of esters of a hydroxy acid with a fatty alcohol
and a fatty acid.
Triglycerides. The fatty acid composition of
the triglycerides is given in Table II.
Other constituents. Small amounts of free
fatty acids and free alcohols were present (less
than 0.5% each). Their GLC pattern did not
TABLE III
Mono- and dihydric alcohols of vernix caseosa
Relative Composition (%)
differ from that of triglyceride fatty acids or wax
alcohols of the vernix. The polar material, eluted
with chloroform and methanol, made 3—5% of the
total. The nature of this fraction, which consists
presumably of monoglycerides, diglycerides, and
phospholipids, was not investigated.
SUMMARY
Lipids of vernix caseosa were analyzed using
column chromatography, thin-layer chromatog-
raphy, and gas-liquid chromatography as
principal analytical methods. The main lipid
fractions were squalene (9%), aliphatic waxes
(12%), sterol esters (33%), diol esters (7%),
triglycerides (26%), and free sterols (9%).
Aliphatic waxes possess two, one, or zero dou-
ble bonds; monoenoic waxes contain the double
bond hi the fatty acid portion, and dienoic waxes
in both the alcohol and the fatty acid portions.
Two sterols, cholesterol and lathosterol, were
present. Branching and long chain length were
more pronounced in fatty acids esterified with
the sterols than in other fatty acids.
The alkane diols had maximum at C22 and
were esterified with two fatty acids each.
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